Morphometric Variation in the Tropical Pocket Gopher (\u3ci\u3eGeomys tropicalis\u3c/i\u3e) by Williams, Stephen L. & Genoways, Hugh H.
University of Nebraska - Lincoln
DigitalCommons@University of Nebraska - Lincoln
Mammalogy Papers: University of Nebraska State
Museum Museum, University of Nebraska State
11-2-1977
Morphometric Variation in the Tropical Pocket
Gopher (Geomys tropicalis)
Stephen L. Williams
Carnegie Museum of Natural History
Hugh H. Genoways
University of Nebraska - Lincoln, h.h.genoways@gmail.com
Follow this and additional works at: http://digitalcommons.unl.edu/museummammalogy
Part of the Biodiversity Commons, and the Zoology Commons
This Article is brought to you for free and open access by the Museum, University of Nebraska State at DigitalCommons@University of Nebraska -
Lincoln. It has been accepted for inclusion in Mammalogy Papers: University of Nebraska State Museum by an authorized administrator of
DigitalCommons@University of Nebraska - Lincoln.
Williams, Stephen L. and Genoways, Hugh H., "Morphometric Variation in the Tropical Pocket Gopher (Geomys tropicalis)" (1977).
Mammalogy Papers: University of Nebraska State Museum. 197.
http://digitalcommons.unl.edu/museummammalogy/197
,
ISSN 0097-4463
ANNALS
of CARNEGIE MUSEUM
CARNEGIE MUSEUM OF NATURAL HISTORY
4400 FORBES AVENUE' PITTSBURGH, PENNSYLVANIA 15213
VOLUME 46 I\OVEMBER 2, 1977 ARTICLE 15
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Section of Mammals
ABSTRACT
The Iropical pockct gopher (Geomys lropicali!>'). which exh.ibits no chromosomal or genic
variation, was examined for variability at the morphomclrical level. Univariate and mul-
tivariate analyses were uset.l to determine age, sexual, and geograph.ical variation. Signifi-
cant differences were found bClwcen different age classes and between sexes. The amount
of individual variation was comparable with other rodents and did not exhibit the reduced
variation expressed at the chromosomal and genie levels. G. tropicalis is considered to be a
monotypic species.
INTRODUCTION
The tropical pocket gopher (Geomys tropicalis) was originally de-
scribed by Goldman (1915:134) as a subspecies of G. personatus based
upon specimens from Allamira. Tamau(ipas. Little additional informa-
tion became available on this taxon until Alvarez (1963) reviewed its
status. He concluded, based upon specimens from Altamira and I mi. S
Altamira, that lropicalis is a distinct species of the genus Geomys.
Subsequent studies of chromosomal (Davis et al., 1971; Baker and Wil-
liams, 1974; Selander et al.. 1975) and genic relationships (Selander
er aI., 1975) have supported the specific status of this taxon.
Geomys lropica/is is currenlly known from only seven localilies in
extreme southern Tamaulipas. These localities are separated from lhe
nearest populalion of the genus (G. personatus) by 250 kilometers. It
has been estimated (Selander et al., 1975) that the entire geographic
Submitted for publication April 13, 1977.
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range of G. tropicalis occupies only approximately 300 square kilo-
meters. Chromosomal and genic characteristics indicate reduced vari-
ability in this species. Davis et al. (1971) reported the 2N of the G.
Iropicalis to be 38 and the FN to be 72. This diploid number is consid-
erably lower than other members of the Geomys bursarius species-group
(2N = 68 to 72); although it is approached by Geomys pinetis of the
pinetis species-group (2N = 42, FN = 80; Williams and Genoways,
1975). Davis et al. (1971) stated that the reduced diploid number should
reduce Mendelian variation and could be a method of adaptation to
local conditions by G. tropicalis.
Selander et al. (1975) found G. tropicalis to be monogenic at 34 struc-
tural gene loci encoding enzymes and other proteins. They presented two
possible explanations for this reduced variability. One is to postulate a
series of founding events as ancestoral stock worked its way southward
from Texas along the narrow barrier islands of the Tamaulipas coast.
Variability lost during these founding events could not be restored be-
cause the disjunct distribution would prevent gene flow. The alternative,
but not mutually exclusive, hypothesis is that the reduced variability is
the result of adaptation to an extremely uniform and restricted habitat
(an area of old sand dunes).
Whatever the explanation, it is clear from the current data that Geomys
lropicalis has reduced variability at the chromosomal and genic levels.
Therefore, we have taken the opportunity to examine variability in this
species at the morphometric level. The sample of 94 specimens that we
have available is considerably larger than those available to previous
authors (Alvarez, 1963, examined 19 specimens). We have examined
morphometric variation as the result of both nongeographic and geo-
graphic factors.
METHODS
From all specimens, three external measurements and 13 cranial mea-
surements were recorded. The external measurements are those of the
collector; crania! measurements were taken by means of dial calipers.
In order to clarify how cranial measurements were taken, we have de-
fined each below. Numbers that precede each character correspond to
those numbers used in Figure I. All measurements in text are given in
millimeters.
1. Greatest length of skull-distance between two vertical lines, one
touching the posteriormost part of the skull at the (exoccipitaI
condyles or supraoccipital) occipital bone, and the other touching
the anteriormost part of the nasal bones.
2. Condylobasal length-distance on skull from a line connecting the
posteriormost projections of the exoccipital condyles to a line
connecting the anteriormost projections of the premaxillary bones.
3. Basal length-distance on skull from the anteriormosl inferior border
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Fig. 1. Skull of Geomys rropicalis illustrating points between which measurements de-
scribed in text were taken.
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of the foramen magnum to a line connecting the anteriormost
projections of the premaxillary bones.
4. Palatal length-distance on skull from a line connecting the posterior
margin of palate to a line connecting the anteriormost projections
of the premaxillary bones.
5. PalalOfrontal depth-least distance between two parallel planes, one
touching the mid-point of the frontal bones and the other touching
the ventralmost point of palatine bones between the molar teeth.
6. Length of nasals-greatest length of nasal bones.
7. DiGS/ema-distance along a straight line between the posterior mar-
gin of the alveolus of the incisors and anterior margin of the alveo-
lus of the premolars.
8. Zygomatic breadth-greatest distance across zygomatic arches of
cranium at right angles to long axis of skull.
9. Mastoid breadth-greatest distance between mastoid processes
measured at right angles to the long axis of the skull.
10. Squamosal breadth-least distance between lateral margins of the
squamosal bones measured at right angles to long axis of the skull.
II. Rostral breadth-greatest distance across rostrum.
12. Interorbital constriction-least distance across top of the skull between
the orbits.
13. Breadth across maxillaries-greatest distance between maxilliary
bones measured at the level of M3.
All specimens examined were assigned to one of three age groups
described below.
Juvenile.-gap between basisphenoid and basioccipital; juvenile palage;
no sagital crest; zygomatic breadth nearly equal to or less than mas-
toid breadth.
Subadult.-basisphenoid and basioccipital connected but not fused; adult
pelage; wide gap between sagital crests; sagital crests poorly devel-
oped; zygomatic breadth usually not more than I mm greater than
mastoid breadth.
Adult.-basisphenoid and basioccipital partially or entirely fused;
adult pelage; sagital crests well developed; zygomatic breadth always
more than 1 mm greater than mastoid breadth.
For the univariate analysis of geographic variation, adult specimens
were grouped into two samples as follows: sample 1-2.5 mi. SSE Alta-
mira, 2.4 mi. S Altamira; sample 2-Altamira, I mi. S Altamira, 10 mi.
NW Tampico.
Statistical procedures were performed on the IBM 370 computer at
Texas Tech University. Univariate analyses were performed using the
program U IVAR. This program yields standard statistics (mean, range,
standard deviations, standard error of the mean, variance, and coeffi-
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cient of variation) and employs a single-elassification analysis of vari-
ance (F-test, significance level .05) to test for significant differences
between or among means (Sokal and Rohlf, 1969). When means were
found to be significantly different, the Sum of Squares Simultaneous
Test Procedure (SS-STP) developed by Gabriel (1964) was used to
determine maximally nonsignificant subsets.
RESULTS
ONGEOGRAPIIlC VARIA TIO:'-l
AGE VARIATION: Table I shows the results of the analyses for varia-
tion with age in males and females. In 12 measurements for males (all
cranial measurements except interorbital constriction), adults, sub-
adults, and juveniles form non-overlapping subsets. Adults and sub-
adults form a subset that does not overlap the juvenile subset for total
length and length of tail. Overlapping subsets are formed for length of
hind foot and interorbital constriction. In all measurements of males,
adults averaged the largest, except in interorbital constriction in which
subadults were largest.
Adults, subadults, and juveniles form non-overlapping subsets for all
cranial measurements for females. In the three external measurements,
adults and subadults form a subset that did not overlap with the juve-
niles. Adult females averaged larger than other age classes in all mea-
surements except length of tail and length of hind foot.
Clearly, the three age classes that we recognized are morphometrically
distinct. In almost all measurements, the three classes formed separate
units. In the analyses of geographic variation that follow, only adults
have been used.
SECOSDARY S:EXUAL VARIATION: Adult males and females were
tested for secondary sexual variation. The same adult samples as used in
age variation were used in this analysis (Table I). Males averaged sig-
nificantly larger than females in all measurements except interorbital
constriction. [n interorbital constriction, adult females averaged, but not
significantly so, slightly larger than adult males. In subsequent analyses,
males have been analyzed separate from females.
INDIVIDCAL VARIATION: Coefficients of variation for adult males
ranged from 2.6 to 12.4 for the 16 external and cranial measurements
tested (Table I). Interorbital constriction had the lowest value and
palatal length had the highest. The mean coefficient of variation for the
16 measurements was 5.2. Coefficients of variation for adult females
ranged from 2.1 to 8.0. Rostral breadth had the lowest coefficient of
variation and length of tail had the highest. The mean coefficient of
variation for the t6 measurements was 3.8. In only three measurements
(length of tail, nasal length, and interorbital constriction) did adult
females have a higher coefficient of variation than adult males.
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Table 1. Variation with age in external and cranial measurements of Geomys tropicaUs.
Age classes as described in text were tested for significant differences at the .05 level.
Groups of means that were found to be significantly different were tested with Sums
of Squares - Simultaneous Te5ting Procedures to determine the maximally nonsignj·
ficant subsets. The adult samples as listed in this table were used to test for secondary
sexual variation. See text for results or this analysis.
Sex and age N Mean ± 2 SE (Range) CY Result SS-STP
class
Tota/length
Males
Adult 10 252.6,7.96 (231.0-270.0) 5.0
Subadult 15 245.3 ,6.08 (225.0-265.0) 4.8
Juvenile 6 217.3:!: 9.52 (I98.0-230.0) 5.4
Females
Adult 23 231.5,4.19 (212.0-250.0) 4.3
Subadult 25 226.1 :!: 4.36 (210.0-250.0) 4.8
Juvenile 10 194.6:!: 9.39 (I70.0-222.0) 7.6
Length of tail
Males
Adult 10 79.8:!: 3.94 (71.0-93.0) 7.8
Subadult 15 78.6,4.36 (62.0-89.0) 10.8
Juvenile 6 68.2,7.16 (55.0-79.0) 12.9
Females
Adult 23 74.3,2.47 (61.0-85.0) 8.0
Subadult 25 75.0,2.59 (57.0-85.0) 8.6
Juvenile 9 64.4,4.22 (58.0-76.0) 9.8
Length ofhind foot
Males
Adult 10 32.0:!: 1.08 (30.0-35.0) 5.3
Subadult 15 31.3,0.91 (29.0-35.0) 5.6
Juvenile 6 29.6,1.51 (26.0-31.0) 6.3
Females
Adult 24 29.8,0.05 (28.0-33.0) 4.1
Subadult 25 30.0:!: 0.72 (27.0-33.0) 6.0
Juvenile 10 28.0:!: 1.03 (25.0-31.0) 5.8
Greatest length of skull
Males
Adult 9 47.3,1.24 (44.8-50.5) 3.9
Subadult 13 44.5 , l.l5 (41.7-48.7) 4.7
Juvenile 5 37.9,2.26 (34.8-4l.l) 6.7
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Table I. (Continued)
Sex and age N Mean::!: 2 SE (Range) CV Result SS-STP
class
r
Greatest length ofskull (Continued)
Females
Adult 24 42.5 ~ 0.48 (40.1-44.3) 2.8
Subadult 24 40.8 ~ 0.88 (37.2-44.6) 5.3
Juvenile 7 35.6 ~ 0.79 (34.3-37.5) 3.0
Condylobasolle'lgTh
Males
Adult 10 45.8 ~ 1.21 (42.9-49.4) 4.2
Subadult 14 43.2 ~ 1.03 (40.5-46.7) 4.5
Juvenile 5 36.9 ~ 2.19 (33.8-40.1) 6.6
Females
Adult 26 41.3 ~ 0.45 (39.0-43.1) 2.7
Subadult 20 39.8 ~ 0.93 (36.2-43.3) 5.2
Juvenile 8 34.7 ~ 0.86 (32.9-37.0) 3.5
Basa/length
Males
Adult 10 43.2 ~ 1.16 (40.4-46.3) 4.3
Subadult 14 40.3 ~ 1.04 (37.8-44.2) 4.8
Juvenile 5 33.7 ~ 2.08 (30.9-36.3) 6.9
Females
Adult 26 38.6 ~ 0.42 (36.6-40.4) 2.8
SubaduU 20 36.9 ~ 0.95 (32.9-40.3) 5.8
Juvenile 8 31.5 ~ 0.86 (29.2-33.5) 3.8
Pa/ato/length
Males
Adult 10 32.3 ~ 2.54 (28.0-39.7) 12.4
Subadult 14 27.7 ~ 0.78 (25.6-30.4) 5.3
Juvenile 6 23.0 ~ 1.52 (20.4-25.0) 8.1
Females
Adult 26 26.6 ~ 0.33 (25.0-28.3) 3.2
Subadult 20 25.1 ~ 0.69 (22.3-27.8) 6.1
Juvenile 8 21.2 ~ 0.55 (19.7-22.4) 3.7
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Table 1. (Continued)
Sex and age N Mean ± 2 S[ (Range) CV Result SS-STP
class
Palolo{roflta/ depth
Males
Adult 10 16.9 ± 0.45 (15.8-IB.I) 4.2
Subadult 15 15.B ± 0.35 (14.9-17.1) 4.3
Juvenile 6 13.7 ± 0.43 (12.9-14.4) 3.B
Females
Adult 26 15.5 ± 0.22 (14.5-16.5) 3.6
Subadult 25 14.7 ± 0.29 (13.1-16.1) 5.0
Juvenile 10 13.1 ± 0.37 (12.4-14.3) 4.4
Length of nasals
Males
Adult 9 16.6 ± 0.43 (15.9·17.5) 3.9
Subadult 13 15.4 ± 0.55 (13.9-17.6) 6.4
Juvenile 6 12.6 ± 0.83 (l1.Q.13.5) 8.1
Females
Adult 24 14.4 ± 0.32 (12.8-16.3) 5.4
Subadult 24 13.5 ± 0.43 (l2.Q.15.5) 7.8
Juvenile 7 11.3 ± 0.40 (10.4-12.0) 4.7
DitJstema
Males
Adult 10 16.7 ± 0.66 (15.2-18.4) 6.3
Subadult 15 14.7 ± 0.50 (13.4-16.2) 6.6
Juvenile 6 11.5 ± 0.87 (10.2-12.6) 9.3
Females
Adult 26 13.9 ± 0.23 (12.7-15.2) 4.3
Subadult 25 12.9 ± 0.41 (10.9-14.7) 8.0
Juvenile 10 10.6 ± 0.40 (9.5-11.7) 5.9
ZygOmt1t;c breadth
Males
Adult 10 29.9 ± 1.00 (28.1-32.9) 5.3
Subadult 14 27.4 ± 0.93 (24.7-30.5) 6.3
Juvenile 6 22.5 ± 1.41 (20.1-24.4) 7.7
Females
Adult 26 26.0 ± 0.39 (24.2-27.8) 3.8
Subadult 24 24.2 ± 0.62 (21.6-26.B) 6.2
Juvenile 9 20.9 ± 0.66 (18.9-22.7) 4.8
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Table 1. (Continued)
Sex and age N Mean:t 2 SE (Range) CV Resuh SS-5TP
class
Squamosal breadth
M.ales
Adult 10 20.8 ± 0.53 (J9.8-22.3) 4.0
Subadult IS 19.5 ± 0.45 (J8.1-21.5) 4.5
Juvenlle 6 18.0± 0.62 (J7.1-19.1) 4.2
Females
Adult 26 19.2 ± 0.26 (J7.4-20.1) 3.5
Subadult 25 18.3 ± 0.45 (14.3-20.0) 6.2
Juvenile 10 17.2±0.36 (16.3-18.4) 3.3
Mastoid breadth
Males
Adult 10 27.1 ± 0.66 (25.5-28.9) 3.8
Subadult 15 25.1 ± 0.65 (23.1-27.3) 5.0
Juvenile 6 21.7 ± 0.89 (20.1-22.9) 5.0
Females
Adult 26 24.1 ± 0.32 (22.5-25.1) 3.4
Subaduh 25 23.1 ± 0.47 (21.1-25.0) 5.1
Juvenile 9 20.2± 0.48 (18.7-21.0) 3.5
Rostral breadth
Males
Adult 10 10.3 ± 0.23 (9.8-11.0) 3.5
Subaduh 15 9.6 ± 0.20 (9.1-10.3) 4.1
Juvenile 6 8.3 ± 0.40 (7.6-8.8) 5.9
Females
Adult 26 9.3 ± 0.08 (9.0-9.7) 2.1
Subadult 25 8.9 ± 0.16 (8.0-9.6) 4.6
Juvenile 10 7.8 ± 0.20 (7.3-8.2) 4.0
Interorbitol constriction
Males
Subadult 10 6.1±0.11 (5.7-6.4) 3.5
Adult 15 6.1 ±0.1O (5.9-6.3) 2.6
Juvenile 6 5.9100.17 (5.6-6.2) 3.5
Females
Adult 26 6.1 ± 0.Q7 (5.7-6.4) 2.9
Subaduh 25 6.0 ± 0.07 (5.7-6.3) 2.9
Juvenile 10 5.8 ± 0.10 (5.5-6.0) 2.8
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Table 1. (Continued)
Sex and age N Mean:t 2 SE (Range) CV Result SS-STP
class
Breadrh across maxillaries
Males
Adult 10 8.7:!: 0.23 (8.2-9.5) 4.2
Subadult IS 8.1:!: 0.18 (7.7-8.9) 4.2
Juvenile 6 7.5:!:0.30 (6.9-7.9) 4.9
Females
Adult 24 8.3:!: 0.13 (7.3-9.0) 3.9
Subadult 25 7.9:!: 0.13 (7.3-8.4) 4.3
Juvenile 10 7.1:!:0.13 (6.7-7.4) 3_0
GEOGRAPHIC V ARJATION
Ul'lVARJATE ANAL¥SIS: Table 2 gives the results of univariate com-
parisons for males and females from our two geographic samples. In
males, sample 2 averaged larger than sample 1 in all measurements
except breadth across maxillaries. Sample 2 was significantly (.05 level)
larger in total length and length of tail. In females, sample 2 averaged
significantly larger than sample 1 in the following measurements:
length of hind foot; palatofrontaJ depth; zygomatic breadth; rostral
breadth. Females in sample 2 averaged larger than females in sample I
in all measurements except interorbital constriction (averaged the same)
and breadth across maxillaries (sample I larger).
MCLTIVARIATE ANALYSES: Individuals of Geomys tropicalis were
subjected to multivariate analyses using the NT-SYS program to deter-
mine if trends in geographic variation could be delecled using Ihis type
of analysis. Males and females were analyzed separately.
The cluster analysis of the dislance matrix for females (Figure 2)
revealed the individuals to be divided into two major subgroups sep-
arated at 1.62. The upper cluster contains all individuals from Alta-
mira (4), the one specimen from 1 mi. S Altamira, and seven specimens
from 2.5 mi. SSE Altamira. The lower cluster contains two specimens
from 2.4 mi. S Altamira and six specimens from 2.5 mi. SSE Altamira.
Whatever the reason for the separation of females into these two clusters,
it is apparently not the result of geographic variation. The cophenetic
correlation coefficient for the phenogram is 63.1 percent.
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Table 2. Geographic variation in external and cranial measurements between two sam-
ples of Geomys trap/calis. See text for key to sample numbers.
Sex and N Mean ±. 2 SE (Range) CV Significance
sample numbers
Total length
Males
Sample 1 7 247.6 ± 8.63 (231.0-264.0) 4.6 •
Sample 2 3 264.3 ± 5.93 (260.0-270.0) 1.9
Females
Sample I 15 231.8±5.2 (212.0-250.0) 4.3 ns
Sample 2 4 237.3 ± 1.5 (235.0-238.0) 0.6
Length of tail
Males
Sample 1 7 77.3 ± 2.92 (71.0-82.0) 5.0 •
Sample 2 3 85.7 ± 8.67 (78.0-93.0) 8.8
Females
Sample I 15 75.1 ±3.57 (61.0-85.0) 9.2 ns
Sample 2 4 70.8 ±2.75 (68.0-74.0) 3.9
Length of hind foot
Males
Sample 1 7 31.7 ± 1.36 (30.0-35.0) 5.7 ns
Sample 2 3 32.7± 1.76 (31.0-34.0) 4.7
Females
Sample I 15 29.4 ± 0.55 (28.0-31.0) 3.6 •
Sample 2 4 30.6 ± 0.63 (30.0-31.5) 2.1
Greatest length of skull
Males
Sample 1 6 47.0 ± 1.69 (44.8-50.5) 4.4 oS
Sample 2 3 48.0 ± 1.62 (46.6-49.4) 2.9
Females
Sample I 15 42.3 ±0.63 (40.1-43.9) 2.9 ns
Sample 2 5 42.9 ± 0.70 (41.9-43.8) 1.8
Candy/obara/length
Males
Sample 1 7 45.5 ± 1.60 (42.9-49.4) 4.6 os
Sample 2 3 46.7 ± 1.50 (45.4-48.0) 2.8
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Table 2. (Continued)
Sex and N Mean ±2 SE (Range) CV Significance
sample numbers
Condylobasallength (Continued)
Females
Sample 1 16 41.1 ± 0.58 (39.0-42.6) 2.8 ns
Sample 2 5 41. 7 ± 0.55 (40.9-42.6) 1.5
Basal length
Males
Sample 1 7 42.8 ± 1.45 (40.4-46.3) 4.5 ns
Sample 2 3 44.3 ± 1.55 (43.2-45.8) 3.0
Females
Sample 1 16 38.4 ± 0.53 (36.6-39.8) 2.7 ns
Sample 2 5 39.1 ± 0.48 (38.7-40.0) 1.4
Palatal length
Males
Sample 1 7 31.5 ± 2.79 (28.0-39.1) 11.7 ns
Sample 2 3 34.1 ± 5.74 (30.2-39.7) 14.6
Females
Sample 1 16 26.5 ± 0.42 (25.0-27.7) 3.2 ns
Sample 2 5 26.9 ± 0.49 (26.2-27.6) 2.0
Palato/rontal depth
Males
Sample 1 7 16.6 ± 0.45 (15.8-17.8) 3.6 ns
Sample 2 3 17.4 ± 0.87 (16.6-18.1) 4.3
Females
Sample 1 16 15.3 ± 0.21 (14.5-16.0) 2.8 •
Sample 2 5 16.1 ± 0.41 (15.3-16.5) 2.9
Length of nasals
Males
Sample 1 6 16.5 ± 0.52 (15.9-17.3) 3.8 ns
Sample 2 3 16.9 ± 0.82 (16.1-17.5) 4.2
Females
Sample 1 15 14.4 ± 0.46 (12.8-16.3) 6.2 ns
Sample 2 5 14.6 ± 0.46 (14.1-15.4) 3.6
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Table 2. (Continued)
SeX' and N Mean ±2 SE (Range) CV Significance
sample numbers
Diastema
Males
Sample 1 7 16.5 ~ 0.87 (15.2-18.4) 7.0 n,
Sample 2 3 17.2~0.84 (16.7-18.0) 4.2
Females
Sample 1 16 13.8 ~ 0.28 (12.7-14.4) 4.0 n'
Sample 2 5 14.3 ~ 0.28 (13.8-14.6) 2.2
Zygomatic bret2dth
Males
Sample 1 7 29.7 ~ 1.40 (28.1-32.9) 6.2 n,
Sample 2 3 30.5 ~ 0.66 (30.0-31.1 ) 1.9
Females
Sample I 16 25.8 ~ 0.44 (24.4-27.6) 3.4
Sample 2 5 26.6 ~ 0.13 (26.4-26.8) 0.6
Squamoliol breadth
Males
Sample 1 7 20.7 ~ 0.71 (19.8-22.3) 4.6 ns
Sample 2 3 21.0 ~ 0.72 (20.5-21.7) 3.0
Females
Sample 1 16 19.1 ~ 0.28 (18.3-20.1) 2.9 ns
Sample 2 5 19.6 ~ 0.37 09.0-20.1) 2.1
MaSlOid breadth
Males
Sample 1 7 26.8 ~ 0.88 (25.5-28.9) 4.3 ns
Sample 2 3 27.5 ~ 0.64 (26.9-27.9) 2.0
Females
Sample 1 16 24.0 ~ 0.40 (22.7-25. I) 3.3 os
Sample 2 5 24.3 ~ 0.52 (23.7-25.0) 2.4
Rostral breadrh
Males
Sample 1 7 10.2 ~ 0.30 (9.8-11.0) 3.9 ns
Sample 2 3 10.4 ~ 0.35 (10.1-10.7) 2.9
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Table 2. (Continued)
Sex and N Mean:!:. 2 SE (Range) CV Significance
sample numbels
Rostral breadth (Continued)
Females
Sample 1 16 9.2 ± 0.90 (9.0-9.6) 2.0 •
Sample 2 5 9.5 ± 0.19 (9.2-9.7) 2_3
Interorbital constrictiorl
Males
Sample I 7 6.0±O.12 (5.9.j;.3) 2.7 ns
Sumple 2 3 6.1±O.18 (6.0.j;.3) 2.5
Females
Sample I 16 6.1 ± 0.10 (5_H.4) 3.3 ns
Sample 2 5 6.1 ± 0.10 (6.0.j;.3) 1.9
Breadth across maxillaries
Males
Sample 1 7 8.8 ± 0.33 (8.2-9.5) 5.0 ns
Sample 2 3 8.6 ± 0.13 (8,5-8,7) 1.3
Females
Sample 1 14 8,4 ± 0,16 (7,7-9,0) 3,7 ns
Sample 2 5 8,3±0,10 (8,2-8_5) 1.3
Figure 2 shows Ihe cluster analysis for the nine males tested_ One male
from 2,5 mi, SSE Altamira is widely separated (1.785) from all other
specimens. The remaining eight specimens are separated into two
clusters (separated at 1.418 level), The upper cluster contains Ihree
specimens from 2.4 mi, S Altamira and one from 10 mi_ NW Tampico.
The other cluster contains two specimens from 2.5 mi. SSE Altamira,
one from I mi. S Altamira, and one from Altamira (holotype). There is
no clear cut geographic pattern to this variation.
Results of the principal component analyses are shown in Figure 3 and
Table 3. The components account for the following amounts of the total
variation: component I, males (54.7 percent), females (60.0 percent);
component II, males (16.9 percent), females (9.5 percent); component
Ill, males (l1.I percent), females (7.0 percent). Table 3 indicates the
effect of measurements in the first three components. Overall size is
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effecting the placement of individuals of both males and females on
component I. In males, however, it should be noted that palatal length
is negatively correlated with the other measurements and that length
of the hind foot, breadth across maxillaries, and interorbital constriction
have little effect in component I. Interorbital constriction had the small-
est effect in component I lor females. In component II for males, length
of tail, length of the hind foot, interorbital constriction, and squamosal
breadth are having the largest effects. The first three of these have
negative values, whereas squamosal breadth has a positive value. Palatal
length and breadth across maxillaries have the largest but opposite effects
in component III for males. For females, interorbital constriction and
rostral breadth have largest values for component II, and breadth across
maxillaries for component III.
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Fig. 2. Phenograms of Geomys 'ropicalis (males left. females right) computed from dis-
tance matrices and clustered by unweighted pair-group method using arithmetic averages
(UPGMA). Localities from which specimens originated are numbered as follows: 1,2.5 mi.
SSE Altamira; 2, 2.4 mi. S Altamira; 3. Altamira; 4, I mi. S Altamira; 5, to mi. SW Tam-
pico. The cophenetic correlation coefficient for the phenogram for males is 0.737 and for
the females, 0.631.
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Examination of the upper portion of Figure 3 reveals that the three
males from 2.4 mi. S Allamira are located at the left of the plot, whereas
the three from 2.5 mi. SSE Altamira are located to the right. The holo-
type from Altamira is positioned between a specimen from I mi. S
Altamira and one from 2.5 mi. SSE Altamira in the right half of the plot.
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Fig. 3. Three-dimensional projectioilli of individuals of Geomys rfopicalis (upper, males;
lower, females) onto the first three principal components based upon matrices of cor·
relation among the 16 external and cranial measurements. Components I and II are indi-
cated in the figure, and component III is represented by height. See Fig. 2 for key to
localities of origin for specimens.
'"~~
Table 3. Faclor matrix from correlation among 16 characters of Geomys trap/colis studied.
Males Females
Measurements Component Component Component Component Component Component
l n III [ Il III
..,
Total length 0.736 -0.085 0.462 0.829 -0.1I5 -0.013 "0,
Length of tail 0.385 -0.847 0.005 0.575 0.429 0.254 ~
Length of hind foot 0.018 -0.850 -(1.196 0.7R2 -0.221 0.005 >"Greatest length of skull 0.985 0.063 0.001 0.916 -0.228 -0.164 "0
Condylobas<lllength 0.972 0.130 0.011 0.931 -0.243 0.106 r.~
Busallcngth 0.978 0.044 0.098 0.957 -0.095 0.122 ~
Palalallength -0.252 0.342 0.769 0.907 -0.133 0.073 P0
Palatofrontal depth 0.813 -0.100 0.250 0.796 0.416 -0.186
,
•
Length of nasals 0.652 .(1.413 -0.208 0.571 0.148 0.474
m
"
Uiastema 0.906 O.oJ8 0.185 0.853 .().065 0.031
Zygomatic breadth 0.937 0.175 0.045 0.866 0.191 -0.045
SqulImoS<.lI breadth 0.659 0.525 -0.325 0.702 0.191 0.365
Masroid breadth 0.942 0.203 -0.213 0.896 0.158 0.OR2
Rostral breadth 0.947 0.089 -0.008 0.476 0.525 -0.265
Interorbital constriction 0.342 {1.619 -0.064 0.320 0.726 0.429
Breadth across m3xillo1ries 0.107 0.383 -0.796 0.603 -0.202 -0.589
"~
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The specimen from 10 mi. W Tampico is located near the center of the
plot with its position nearest a specimen flOm 2.5 mi. SSE Altamira.
The females represented in the lower portion of Figure 3 show less of
geographic pattern to their position on the plot. The 13 specimens from
2.5 mi. SSE Altamira cover nearly the entire range of variation in all
components. The four specimens from Altamira are positioned near each
other in the right half of the plot. The one specimen from 1 mi. S Alta-
mira is at the far right of the plot, whereas the two from 2.4 mi. S.
Altamira are located relatively near each other in the left portion of the
plot.
OtSCl:SSION
The above analyses reveal that Geomys rropicalis exhibits variation
with age as would be expected in any mammal. The age classes that we
recognized represent distinct maturational groups because in most
measurements the three age classes from non-overlapping subsets.
G. Iropicalis shows a high degree of secondary sexual dimorphism.
In 15 of the 16 measurements tested, males were significantly larger
than females (interorbital constriction being the only exception). In four
measurements (gteatest length of skuIl, zygomatic breadth, mastoid
breadth, and rostral breadth), there was no overlap between males and
females. In two other measurements, basal length and diastema, males
and females overlap at only one measurement (40.4 and 15.2, respec-
tively).
One of the most exciting findings of this study was that G. Iropicalis
does not exhibit reduced individual variation. Long (1968, 1969) studied
coefficients of variation in a wide variety of mammals. Five of the mea-
surements that he studied can be compared with our results (mean co-
efficient of variation of mammals studied by Long, 1969, ± 1 SO, coeffi-
cients of variation for male and female G. tropicalis. respectively):
total length, 5.'31 ± 1.96,5.0,4.3; greatest length of skull, 3.21 ±1.40, 3.9,
2.8; zygomatic breadth, 3.95 ± 1.34, 5.3, 3.8; mastoid breadth, 3.05 ±
1.24,3.8,3.4; interorbital constriction, 4.36 ± 1.51,2.6,2.9. Long (1968)
reported the following values for Thomomys ralpoides and we have
found the following values for G. personalus and G. arenarius (males
followed by females), respectively: total length, 4.45, 6.1, 5.2, Il.l, 5.4;
greatest length of skull, 3.10,3.9, 2.9, 5.3, 2.6; zygomatic breadth, 5.88,
4.5, 3.0, 6.2, 4.9; mastoid breadth,-, 4.0, 3.9, 5.6, 3.2; interorbital con-
striction, 5.85, 9.5, 3.8, 5.3, 5.3. Clearly, G. Iropicalis does not exhibit
significantly reduced individual variation in any of these measurements
with the possible exception of interorbital constriction.
It is clear from these data that the highly reduced variation found in
this species at the genic and chromosomal levels was not found at the
morphometric level. These results can be explained in two possible ways.
First, G. tropicalis has the normal amount of individual variation at the
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morphometric level but has reduced variation at the genic and chromo-
somal levels. Therefore, whatever the evolutionary forces that caused
the reduction of variation at the other two levels for which data are avail-
able have not come into play at the morphometric level of variation. The
other possibility is that the coefficient of variation is not sensitive enough
to consistently detect lower levels of individual variation or other types
of variation such as seasonal, ecological, or nutritional, are being grouped
with individual variation. This could mean that, except in cases of
uniquely homogeneous samples, coefficients of variation below 2.0 to
2.5 may not be expected.
Based upon all currently available data, we bclieve that Alvarez (1963)
was correct in considering Geomys lropicalis to be a distinct species.
Our analysis of geographic variation in this species failed to reveal any
significant trends. Therefore, we consider G. tropica/is to be a mono-
typic species occupying a highly restricted habitat and geographic area
in southeastern Tamaulipas, Mexico. The species should be treated as
follows:
Geomys tropicalis Goldman, 1915
Geom)'s personaru,f fropicali.t Goldman, 19 (5: 134.
Geom)'s lropicalis. Alvarez, 1963:426.
JlOLOTYPE: Adult male, skin and skull, L'SNM 92. 946, from Altamira, Tamaulipas;
obtained on 18 April 1898 b~' E. A. Goldman, original No, 12.320,
:vIJ::::ASt:ln':MI:STS OF HOLOTYPE: total length, 270; length of tail. 86; length of hind foot.
33; greatest length of skull, 48.1; condylobasal length, 46.6; nasal length, 43.9; paLatal
length, 30.2; palatofrontal depth, 17.5; length of nasals 17.5; diastema. 16.7; zygomatic
breadth. 30.3; mastoid breadth. 27.8; squamosal breadth, 21.7; rostral breadth, 10.4;
interorbital constriction, 6.0; breadth across maxillaries, 8.5.
DISTRIBUTION: Confined to extreme southeastern Tamaulipas in the vicinity of the
towns of Altamira and Tampico.
SPECIMENS EXAM(NED (94): Tamaulipas: Altamira. 15 (USNM); I mi. S Altamira,
17 (KU); 2.5 mi. SSE Altamira, 51 (TILT); 2.5 mi. SW Altamira, 2 (TNHC); 2.4 mi. S
ALtamira, 6 (TIU); 10 mi. NW Tampico, I (KU); I mi. ~ Tampico, 2 (TTU).
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